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ABSTRACT
We discuss the one-loop effective potential and static (large d) potential
for toroidal D-brane described by DBI-action in constant magnetic and in
constant electric fields. Explicit calculation is done for membrane case (p =
2) for both types of external fields and in case of static potential for an
arbitrary p. In the case of one-loop potential it is found that the presence of
magnetic background may stabilize D-brane giving the possibility for non-
pointlike ground state configuration. On the same time, constant electrical
field acts against stabilization and the correspondent one-loop potential is
unbounded from below. The properties of static potential which also has
stable minimum are described in detail. The back-reaction of quantum gauge
fields to one-loop potential is also evaluated.
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1
1 Introduction
There was recently much of interest in the study of the dynamics of D = 11
M-theory [1]. One of the key ingredients ofM-theory is D-brane [2, 3] which
describes the non-perturbative dynamics of string theory [4] and gives new
insight into understanding of stringy black holes [5].
D-brane theories are described by Born-Infeld(BI)-type actions where the
world volume vector field naturally appears. Such theories have been the
subject of much recent work [6]. Note that BI- type effective action of open
string theory has been discussed in refs.[7].
It is well-known that some physical properties of the extended objects in
the quantum regime may be gleaned from a study of the effective action for
various static p-brane configurations. In this way one studies the effective
action in one-loop or in large d approximation. For string case, large d
approximation has been developed in ref.[8] as systematic expansion for the
effective action in powers of 1/d. The static potential may be then obtained
by studying the saddle point equations for the leading order term. Such
program has been realized also for rigid string [9], rigid string at non-zero
temperature [10] (where it is expected to be helpful in drawing the relations
between QCD and string theory), bosonic membrane [11, 12] and bosonic
p-brane [12].
The purpose of present work is to investigate the one-loop and static
potentials for D-brane in the background gauge fields. We start such calcu-
lation in the next section for situation when external electromagnetic fields
are purely classical. The one-loop potential in the constant magnetic and in
the constant electric field is found for p = 2 (membrane). We show that un-
like the case without electromagnetic field there exists non-trivial minimum
of effective potential corresponding to the non-pointlike ground state. The
static potential in the same background is also calculated and its properties
are discussed. Third section is devoted to the study of back reaction of quan-
tum gauge fields to effective potential. We calculate the one-loop potential
in the same background with additional contribution due to quantum gauge
fields but it is found that the qualitative natures of the obtained one-loop
potential are not changed. Some remarks and outline are given in Discussion.
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2 One-loop and static potential for D-brane
in constant electromagnetic field.
The D-brane is described by the Dirac-Born-Infeld-type action [6]
SD = k
∫ T
0
dζ0
∫
dpζe−φ(X) [det ((Gµν +Bµν)∂iX
µ∂jX
ν + Fij)]
1
2 . (1)
Here Xµ’s are the coordinates of D-brane (µ, ν = 0, 1, · · · , d − 1), ζ i’s are
the coordinates on the D-brane world sheet (i, j = 0, 1, · · · , p), Gµν is the
metric of the space-time, Bµν is the anti-symmetric tensor and Fij is the
electromagnetic field strength on the D-brane world sheet:
Fij = ∂iAj − ∂jAi . (2)
We are now interested in the stability of the D-brane and study the effec-
tive potential. The effective potentials of p-brane were studied in [12]. In
this paper, we investigate the case that Fij (or Bij) has nontrivial vacuum
expectation value.
If we choose the following background gauge choice
X i = Riζ
i (R0 = 1) i = 0, 1, · · · , p (3)
and impose the periodic boundary conditions corresponding to the toroidal
D-brane
Xm(ζ0, ζ1, ζ2, · · · , ζp) = Xm(ζ0 + T, ζ1, ζ2, · · · , ζp)
= Xm(ζ0, ζ1 + 1, ζ2, · · · , ζp) = Xm(ζ0, ζ1, ζ2 + 1, · · · , ζp)
= · · · = Xm(ζ0, ζ1, ζ2, · · · , ζp + 1)
(m = p+ 1, p+ 2, · · · , d− 1) , (4)
we obtain the following gauge-fixed action,
SD = k
∫ T
0
dζ0
∫
dpζe−φ(X)
×
[
det
(
Gˆij + Gˆim∂jX
m + Gˆmj∂iX
m +Gmn∂iX
m∂jX
n
)] 1
2 . (5)
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Here
Gˆij = RiRj(Gij +Bij) + Fij
Gˆim = Ri(Gim +Bim)
Gˆim = Ri(Gim +Bim)
Gˆmn = Gmn +Bmn . (6)
Note that in the above gauge there are no Faddeev-Popov ghosts. For
simplicity, we only consider the case
φ = 0
Gµν = δµν
Bmn = Bim = Bmi = 0 . (7)
Then we obtain,
SD = k
∫ T
0
dζ0
∫
dpζ
[
det
(
Gˆij + ∂iX
⊥ · ∂jX⊥
)] 1
2 (8)
and the effective potential is defined by
V = − lim
T→∞
1
T
ln
∫ DX⊥DAi
VA
e−SD . (9)
Here VA is the gauge volume for the gauge field Ai and
X⊥ = (Xp+1, Xp+2, · · · , Xd−1) (10)
Gˆij = RiRjδij + Fij
Fij ≡ RiRjBij + Fij . (11)
As we can see from (11), the anti-symmetric part Fij of Gˆij contains the
contribution from the anti-symmetric tensor Bij and the gauge field on the
D-brane world sheet. For a while, we treat the electromagnetic field strength
Fij as classical field and assume Fij has a constant and nontrivial vacuum
expectation value.
We now define the following tensors
GS ij ≡ 1
2
(
(Gˆ−1)ij + (Gˆ−1)ji
)
G˜αβ ≡ 1
GS 00
(
GS αβ − 1
GS 00
GS 0αGS 0β
)
(12)
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Here (Gˆ−1)ij is the inverse matrix of Gˆij and α, β = 1, 2, · · ·p. Then the
one-loop effective potential is given by (compare with [12])
VT = k(det Gˆij)
1
2 +
1
2
(d− p− 1)
∞∑
n1,n2,···,np=−∞

4pi2 p∑
k,l=1
G˜klnknl


1
2
. (13)
In the following, we consider some examples for the choice of electromag-
netic background.
First we consider the membrane (p = 2) with the magnetic background
F0k = 0 , F12 = −F21 = h (14)
and assume
R1 = R2 = R . (15)
Then we obtain
Gˆ ≡ det Gˆij = R4 + h2 (16)
(Gˆ−1)ij =


1 0 0
0 Gˆ−1R2 −Gˆ−1h
0 Gˆ−1h Gˆ−1R2

 (17)
G˜αβ =
(
Gˆ−1R2 0
0 Gˆ−1R2
)
(18)
and we find that the one-loop potential has the following form
VT = k(R
4 + h2)
1
2 +
d− 3
2
· R
(R4 + h2)
1
2
fT (1, 1) . (19)
Here we have used zeta-function regularization [13] and we obtain [12]
fT (1, 1) = 2pi
∞∑
n1,n2=−∞
(
n21 + n
2
2
) 1
2 = −1.438 · · · . (20)
If we assume the magnetic flux
Φ =
∫
dζ1dζ2h (21)
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(note that Fij is a two-form) is size-independent, h does not depend on R.
Contrary to h = 0 case in [12], the effective potential (19) has a non-trivial
minimum since fT (1, 1) < 0. Hence, unlike the case h = 0 toroidal D-brane
will not tend to collapse. There exists non-pointlike ground state with finite
radius. (The explicit value of this radius is very complicated). This ground
state is stabilized due to external magnetic field effects.
In case that D-brane has open boundaries, we obtain the one-loop po-
tential similar to (19). The potential of the open D-brane has a non-trivial
relative minimum besides R = 0 when k is small but R = 0 becomes a stable
minimum since VT (R > 0) > VT (R = 0).
We also consider the one-loop potential of the membrane in the constant
electric background where
F0k = e , Fkl = 0 , R1 = R2 = R . (22)
Then we find
Gˆ ≡ det Gˆij = R4 + 2e2R2 (23)
(Gˆ−1)ij = Gˆ−1

 R
4 −eR2 −eR2
eR2 R2 + e2 −e2
eR2 −e2 R2 + e2

 (24)
G˜kl =
(
R2 + e2 −e2
−e2 R2 + e2
)
. (25)
The total one-loop potential is given by
VT = k(R
4 + 2e2)
1
2
+
d− 3
2
· (R
2 + e2)
1
2
R2
fˆT (1, 1,− e
2
R2 + e2
) . (26)
Here fˆT (1, 1, s) is defined by using of modified Bessel function Kν [13]
fˆT (1, 1, s) ≡ 2pi
∞∑
n1,n2=−∞
(
n21 + n
2
2 + 2sn1n2
) 1
2
= 4piζ(−1)− ζ(3)
2pi
∆
−4∆ 12
∞∑
n=1
σ2(n) cos(2snpi)
n
K1(pin∆
1
2 ) (27)
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and
∆ ≡ 4− 4s2 , σs(n) ≡
∑
d|n
ds . (28)
In order to discuss the stability of the one-loop potential in Eq.(26), we
consider the behavior when R → 0, i.e., s → −1 and ∆ ∼ 4R2
e2
→ 0 in
Eq.(27). The asymptotic behavior of σ2(n) when n→∞ is given by,
σ2(n) = n
2 +O(n) . (29)
By using the expression for K1(z)
K1(z) = z
∫ ∞
1
dte−zt(t2 − 1) 12 (30)
and Eq.(29), we find that the behavior of the third term in the r.h.s. of
Eq.(27) when R→ 0 is given by
−4∆ 12
∞∑
n=1
σ2(n) cos(2snpi)
n
K1(pin∆
1
2 )
∼ −4pi∆
∫ ∞
1
dt(t2 − 1) 12
∞∑
n=1
n2
(
e−pi∆
1
2 t
)n
∼ −4pi∆
∫ ∞
1
dt
(t2 − 1) 12(
1− e−pi∆ 12 t
)3
∼ −4pi−2c0∆− 12
∼ −2c0e
pi2R
. (31)
Here
c0 ≡
∫ ∞
1
dt
(t2 − 1) 12
t3
. (32)
Eq.(31) tells that the potential (26) appears to be unstable since it is un-
bounded below when R → 0. It is not strange because we expect that
constant electrical field (unlike the magnetic field) leads to pairs creation
and it should quickly destabilize the static approximation. However, when
non-perturbative effects are taken into account (as we will see later for static
potential in the same background) they play more essential role near R = 0
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than destabilizing effect of the electrical field. As a result static potential
has stable minimum even in the electrical background.
If h in (14) and e in (22) come from Bij in (11), they can be considered
to be pure background fields and we need not to vary them to find the saddle
point. Note that, however, they become size-dependent as found in (11) and
we should replace them by
h→ R2h , e→ Re . (33)
The new parameters h and e are size-independent.
Even when h and e come from Fij in (11), we should not vary them since
their flux would be conserved. If we assume the flux is conserved, h and e
should be size-independent.
We can also consider the static potential in the limit of d → ∞. By
introducing the auxiliary fields σij and λ
ij, the action in (5) is rewritten as
SD = k
∫ T
0
dζ0
∫
dpζ
[{
det
(
Gˆij + σij
)} 1
2
−k
2
λij
(
∂iX
⊥ · ∂jX⊥ − σij
)]
. (34)
By integrating X⊥ we obtain the large-d effective action
Seff =
1
2
(d− p− 1)Tr ln
(
−∂iλij∂j
)
.
+kT
[
{det (Gˆij + σij)} 12 − 1
2
Tr (λ · σ)
]
(35)
In the large d limit, we can only consider the saddle point and the auxiliary
fields σij and λ
ij can be treated as classical fields.
We now consider the D-brane with magnetic field background when p is
even
f2n−1 2n = h , n = 1, 2, · · · , p
2
(36)
in the large d approximation. We assume
Ri = R (37)
and the auxiliary fields σij and λ
ij have the following form in the saddle point
σij = diag(σ0, σ1, σ1) +O(1/d)
λij = diag(λ0, λ1, λ1) +O(1/d) . (38)
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Since det (Gˆij + σij) in Eq.(35) is given by
det (Gˆij + σij) = (1 + σ0)
{
(R2 + σ1)
2 + h2
} p
2 , (39)
we find that the effective action has the following form
Seff = kT
[
(1 + σ0)
1
2{(R2 + σ1)2 + h2}
p
4
−1
2
R2(σ0λ0 + 2σ1λ1) +R
2α
(
λ1
λ0
) 1
2 ]
(40)
where α is defined by
α ≡ d− p− 2
2kRp+1
fT (1, 1, · · · , 1) (41)
fT (1, 1, · · · , 1) ≡ 2pi
∞∑
n1,n2,···,np=−∞
(
p∑
i=1
n2i
) 1
2
. (42)
The variations with respect to σ0, λ0 and λ1 give the following equations,
respectively:
Rpλ0 = (1 + σ0)
− 1
2{(R2 + σ1)2 + h2}
p
4 (43)
σ0 = −αλ
1
2
1 λ
− 3
2
0 (44)
pσ1 = αλ
− 1
2
1 λ
− 1
2
0 . (45)
We now solve σ0, λ0, and λ1 with respect to σ1 by using Eqs.(43), (44) and
(45).
By using (44) and (45), we obtain
pσ0σ1 = −α2λ−20 (46)
λ1
λ0
= −1
p
σ0
σ1
(47)
σ0λ0 + pσ1λ1 = 0 . (48)
By using (43) and (46), we can solve for σ0:
σ0 = − α
2R2p
α2R2p + pσ1 {(R2 + σ1)2 + h2}
p
2
. (49)
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Then we find
Seff = kT

 √p
|α|Rp
{
(R2 + σ1)
2 + h2
}
(−σ0) 12σ
1
2
1 +
1√
p
Rp|α|(−σ0)
1
2
σ
1
2
1


=
kT√
p
σ
− 1
2
1
[
2{(R2 + σ1)2 + h2}
p
2σ1 + α
2R2p
] 1
2 (50)
and the static potential VT with respect to σ1 is given by
VT =
k√
p
σ
− 1
2
1
[
2{(R2 + σ1)2 + h2}
p
2σ1 + α
2R2p
] 1
2 . (51)
Note that the static potential V is defined by
V ≡ lim
T→∞
1
T
· Seff . (52)
We can easily find that there exits a stable non-trivial minimum in Eq.(51).
The minimum exists even when h = 0 in [12].
The large d effective potential in the electric background:
F0k = ek , Fkl = 0 , Rk = R (53)
can be found similarly. Since we find
det (Gˆij + σij) = (1 + σ0)(R
2 + σ1)
p + e2(R2 + σ1)
p−1 (54)
where
e2 ≡
p∑
k=1
e2k . (55)
The effective action is given by
Seff = kT
[
{(1 + σ0)(R2 + σ1)p + e2(R2 + σ1)p−1} 12
−1
2
Rp(σ0λ0 + pσ1λ1) + R
pα
(
λ1
λ0
) 1
2 ]
(56)
Here α is defined in (41). The variations with respect to σ0, λ0 and λ1 give
the following equations, respectively:
Rpλ0 = {(1 + σ0)(R2 + σ1)p + e2(R2 + σ1)p−1}− 12 (R2 + σ1)p (57)
σ0 = −αλ
1
2
1 λ
− 3
2
0 (58)
pσ1 = αλ
− 1
2
1 λ
− 1
2
0 . (59)
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By using (58) and (59), we obtain
pσ0σ1 = −α2λ−20 (60)
λ1
λ0
= −1
p
σ0
σ1
(61)
σ0λ0 + pσ1λ1 = 0 . (62)
By using (57) and (60), we can solve for σ0:
σ0 = −α
2R2p {1 + e2(R2 + σ1)−1}
α2R2p + pσ1(R2 + σ1)p
. (63)
Then we find
Seff = kT


√
p
αRp
(R2 + σ1)
p(−σ0) 12σ
1
2
1 +
1√
p
Rpα
(−σ0) 12
σ
1
2
1


=
kT√
p
σ
− 1
2
1
{
1 + e2(R2 + σ1)
−1
} 1
2
[
p(R2 + σ1)
pσ1 + α
2R2p
] 1
2 (64)
VT =
k√
p
σ
− 1
2
1
{
1 + e2(R2 + σ1)
−1
} 1
2
[
p(R2 + σ1)
pσ1 + α
2R2p
] 1
2 . (65)
The static potential (65) has also only one stable minimum. The minimum
also exists when e = 0.
Hence, one can see that non-perturbative effects of large d expansion
play more essential role than destabilizing effect of the constant electrical
field. As a result this potential shows the possibility of non-trivial minimum
(non-pointlike ground state).
3 One-loop potential with the quantum back-
reaction of electromagnetic field.
In the following, we consider the quantum back-reaction of the gauge field
by dividing the anti-symmetric part Fij in Gˆij into the sum of the classical
part F cij and quantum fluctuation F qij:
Fij = F cij + F qij . (66)
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In the following, we write R2i δij + F cij as Gˆij and F qij as Fij .
We use the one-loop approximation by expanding the action (5) and keep-
ing the quadratic term. Since
∂Gˆ
∂Gˆij
= Gˆ(Gˆ−1)ji (67)
∂2Gˆ
∂Gˆij∂Gˆkl
= Gˆ
{
−(Gˆ−1)jk(Gˆ−1)li + (Gˆ−1)ji(Gˆ−1)lk
}
(68)
we find
{
det
(
Gˆij + Fij
)} 1
2
= Gˆ
1
2
[
1 +
1
2
(Gˆ−1)jiFij
+
{
−1
4
(Gˆ−1)jk(Gˆ−1)li +
1
8
(Gˆ−1)ji(Gˆ−1)lk
}
FijFkl + · · ·
]
. (69)
If Gˆij is a constant tensor, the second term is a total derivative and does not
give any contribution.
Let’s consider the following easy example, where Gˆij is given by
Gˆij = R
2
i δij (70)
Then {
det
(
Gˆij + Fij
)} 1
2 = Gˆ
1
2

1− 1
4
p∑
i,j=0
1
R2iR
2
j
F 2ij + · · ·

 . (71)
Here we neglect total derivative terms. By rescaling the gauge potential
Ai → RiAi (72)
(R0 = 1), Eq.(71) is rewritten by
{
det
(
Gˆij + Fij
)} 1
2 = Gˆ
1
2
[
1 +
1
2
p∑
i,j=0
Ai
{(
p∑
k=0
∂2k
R2k
)
δij − ∂i∂j
RiRj
}
Aj
+total derivative terms + · · ·
]
. (73)
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If we choose the gauge condition
A0 = 0 (74)
we find the residual gauge condition (transverse condition)
p∑
i=1
1
Ri
∂iAi = 0 (75)
and we obtain
{
det
(
Gˆij + Fij
)} 1
2
= Gˆ
1
2


1 +
1
2
∑
i : transverse
components
Ai
(
p∑
k=0
∂2k
R2k
)
Ai + · · ·


. (76)
Then we find that the contribution from the gauge field to the one-loop
potential is given by
1
2
(p− 1)
∞∑
n1,n2,···,np=−∞
(
p∑
i=1
4pi2n2i
R2i
) 1
2
. (77)
Therefore the qualitative nature of the one-loop potential does not change if
compare to the case without the contribution from the gauge field.
The one-loop potential in the toroidal membrane (p = 2) with the mag-
netic background (14) (including the quantum backreaction of the gauge
fields) can be obtained similarly. The kinetic term of the gauge potential is
given by {
−1
4
(Gˆ−1)jk(Gˆ−1)li +
1
8
(Gˆ−1)ji(Gˆ−1)lk
}
FijFkl
=
1
2
Gˆ−1R2
(
F 201 + F
2
02
)
+
1
2
Gˆ−2R4F 212 . (78)
By choosing the gauge fixing condition (74), we obtain the transverse condi-
tion
∂1A1 + ∂2A2 = 0 . (79)
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By using (74) and (79) and rescaling the gauge potential
A1,2 → Gˆ 12R−1A1,2 , (80)
Eq.(78) can be rewritten as{
−1
4
(Gˆ−1)jk(Gˆ−1)li +
1
8
(Gˆ−1)ji(Gˆ−1)lk
}
FijFkl
=
1
2
∑
i=1,2
(∂0Ai)
2 +
1
2
· R
2
Gˆ
∑
α,β=1,2
(∂αAβ)
2 . (81)
This tells that the contribution to the one-loop potential from the gauge
potential is given by
1
2
· R
(R4 + h2)
1
2
fT (1, 1) . (82)
Then the total one-loop potential is given by
VT = k(R
4 + h2)
1
2 +
d− 2
2
· R
(R4 + h2)
1
2
fT (1, 1) . (83)
When we compare this potential with that of Eq.(19), the only difference is
the coefficient in the second term. Therefore the potential (83) is stable and
has non-trivial minimum as in Eq.(19).
This potential appears to be unstable since it is unbounded below when
R → 0. However, it would not be true since the non-perturbative effect
would play more essential role near R = 0. Hence, the quantum effects
of abelian gauge field tend to destroy the ground state which exists when
D-brane interacts with constant magnetic field.
The one-loop potential in the toroidal membrane (p = 2) with the electric
background when including the quantum backreaction of the gauge potential
can be also found. The kinetic term of the gauge potential is given by{
−1
4
(Gˆ−1)jk(Gˆ−1)li +
1
8
(Gˆ−1)ji(Gˆ−1)lk
}
FijFkl
=
1
2
R4Gˆ−1(Gˆ−1)αβF0αF0β +
1
4
(Gˆ−1)αβ(Gˆ−1)γδFαγFβδ . (84)
By choosing the gauge condition (74), we obtain the transverse condition
(Gˆ−1)αβ∂αAβ = 0 . (85)
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By using (74) and (85), Eq.(84) can be rewritten as
{
−1
4
(Gˆ−1)jk(Gˆ−1)li +
1
8
(Gˆ−1)ji(Gˆ−1)lk
}
FijFkl
=
1
2
Gˆ−1R4(Gˆ−1)αβ∂0Aα∂0Aβ
+
1
2
(Gˆ−1)αβ(Gˆ−1)γδ∂γAα∂δAβ . (86)
Then the contribution to the one-loop potential from the gauge potential is
given by
1
2
· (R
2 + e2)
1
2
R2
fˆT (1, 1,− e
2
R2 + e2
) . (87)
Then the total one-loop potential is given by
VT = k(R
4 + 2e2)
1
2 +
d− 2
2
· (R
2 + e2)
1
2
R2
fˆT (1, 1,− e
2
R2 + e2
) . (88)
This potential also appears to be unstable since it is unbounded below when
R→ 0.
Similarly, one can find the contribution of gauge fields to static poten-
tial. However, in this case such contribution is next-to-leading order of 1/d-
expansion. Hence, it is not relevant for study of extremum of static potential.
4 Discussion
In the present work we discussed the one-loop and static potentials for
toroidal D-brane in constant electromagnetic field. The interesting qualita-
tive result of such study is the fact that classical electromagnetic background
may stabilize the one-loop potential. As a result the non-trivial minimum of
potential exists (i.e. non-pointlike ground state of D-brane exists).
The properties of static potential (where quantum effects of gauge field
are next-to-leading order) are described in detail. It is found that in all cases
static potential has stable minimum.
It is not difficult to generalize the results of this study to other back-
grounds. For example, one can consider the spherical D-brane in constant
electromagnetic field. Here, we found very similar results for one-loop and
static potentials as in above case of toroidal D-brane.
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Note that we worked in the static approximation. However, it is well-
known fact that static approximation is quickly broken in the external elec-
trical field where intensive pairs production occurs. Hence, as extension of
this work it would be very interesting to calculate the effective action for D-
brane in an external electrical field taking into account also imaginary part
of the effective action, i.e. to work beyond static approximation.
Another interesting problem is to study the effective potential for D-
brane described by non-abelian DBI action in the background gauge fields.
We hope to return to this problem in future research.
Acknowledgement
We are very indebted to A. Sugamoto for discussions.
References
[1] E. Witten, Nucl.Phys. B443 (1996) 85; P.K. Townsend, Phys.Lett.
B350 (1995)184; J.H. Schwarz, hep-th 9410167; M.J. Duff,
Int.J.Mod.Phys.A 12 (1997) 1215; T. Banks, W. Fischler, S.H. Shenker
and L. Susskind, hep-th 9610043.
[2] J. Dai, R.G. Leigh and J. Polchinski, Mod.Phys.Lett. A4 (1989) 2073;
M.B. Green, Phys.Lett. B239 (1994) 435;
[3] J. Polchinski,Phys.Rev.Lett. 75 (1995) 4724; hep-th 9611050.
[4] E. Witten, Nucl.Phys. B460 (1996) 335
[5] A. Strominger and C. Vafa, Phys.Lett. B379 (1996)99; C. Callan and
J. Maldacena, Nucl.Phys. B472 (1996)591
[6] C. Bachas, Phys.Lett. B374 (1996)37; C. Schmidhuber, Nucl.Phys.
B467 (1996)146; S.P. de Alwis and K. Sato, Phys. Rev.D53 (1996)7187;
M. Douglas, hep-th 9512077; A. Tseytlin, Nucl.Phys. B469 (1996)51;
A. Bytsenko, S. Odintsov and L.N. Granda, Phys.Lett. B387 (1996)282;
M. Abou-Zeid and C. Hull, hep-th 9704021; M. Aganagic, C. Popescu
and J.H. Schwarz, hep-th 9610249
16
[7] E.S. Fradkin and A. Tseytlin, Phys.Lett. B163 (1985)123; A. Abouel-
saood, C. Callan, C. Nappi and S. Yost, Nucl.Phys. B280 (1987)599;
E. Bergshoeff, E. Sezgin, C. Pope and P. Townsend, Phys.Lett. B188
(1987)70; C. Callan, C. Lovelace, C. Nappi and S. Yost, Nucl.Phys.
B308(1988)221
[8] O. Alvarez, Phys.Rev. D24 (1981)440
[9] E. Braaten, R. Pisarski and S. Tze, Phys.Rev.Lett. 58 (1987)93; T.
Curtright, G. Ghandhour and C.K. Zachos, Phys.Rev. D34 (1986)3811;
R. Pisarski, Phys.Rev.Lett. 58 (1987)1300; G. German and H. Kleinert,
Phys.Lett. B225 (1989)107
[10] J. Polchinski and Z. Yang, Phys.Rev. D46 (1992) 3667; E. Elizalde, S.
Leseduarte and S.D. Odintsov, Phys.Rev. D48 (1993)1757
[11] E. Floratos and G. Leontaris, Phys.Lett. B220 (1989)65; B223
(1989)37
[12] S.D. Odintsov, Europhys.Lett. 10 (1989)439; S.D. Odintsov and D.L.
Wiltshire, Class.Quant.Grav. 7 (1990)1499; A.A. Bytsenko and S.D.
Odintsov, Class.Quant.Grav. 9 (1992)391; for a review, see Ch.11 in
I.L. Buchbinder, S.D. Odintsov and I.L. Shapiro, “Effective Action in
Quantum Gravity”, IOP Publishing, Bristol and Philadelphia, 1992.
[13] E. Elizalde, S.D. Odintsov, A. Romeo, A.A. Bytsenko and S. Zerbini,
“Zeta Regularization techniques with Applications”, (World Scientific,
1994).
17
